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Rosette formation, a phenomenon in which a leucocyte becomes surrounded by a cluster of erythrocytes ( Fig. 1 ) may occur in a variety of circumstances. For example, when lymphocytes from an animal which has been immunized against erythrocytes of another species are mixed with a suspension of the foreign red cells, a certain proportion of the lymphocytes will form rosettes (Biozzi, Stiffel, Mouton, Bouthillier, and Decreusefond, 1968) . This immunocytoadherence is one means of following an immune response at the cellular level. Bach (1970) and Bach and Dormont (1971) (Bach, 1971) in terms of Burnet's clonal selection theory (Burnet, 1959) as being long-lived recirculating small lymphocytes able to recognize some antigen on the red cell surface, that is 'antigen recognition cells'. Spontaneous rosette formation assumed a practical importance when Bach, Dardenne, and Fournier (1969a) showed that the phenomenon was readily inhibited by pre-incubation of the lymphocytes with high dilutions of antilymphocyte serum (ALS) or with serum from patients taking azathioprine. Indeed, this system provides a means of determining the potency of ALS which it is claimed correlates well with the survival of skin grafts in primates (Bach, Dormont, Dardenne, and Balner, 1969b) .
This observation was the starting point of our investigation. It seemed possible that azathioprine therapy might modify the numbers of spontaneous rosette-forming cells in the peripheral blood of rheumatoid subjects receiving this antimetabolite. If so, serial determinations might provide a means of monitoring this form of therapy. In the event we were disappointed in this, but our study led to other and unexpected observations about spontaneous rosetteforming cells.
Materials and methods

PATIENTS
Samples of blood were obtained from 207 patients with rheumatoid arthritis, of whom 49 were being treated with gold in conventional dosage, 43 were receiving azathioprine (2-5 mg./kg./day), and thirty cyclophosphamide (1-5 mg./kg./day). 68 of the patients had osteoarthrosis and 23 were normal controls. Fifteen patients suffering from chronic lymphatic leukaemia were also tested. Samples of thymus, spleen, and lymph nodes were obtained fresh from operating theatres. The use of heparinized rather than defibrinated blood increased the yield of lymphocytes. Similarly, inclusion of the plasmagel stage did not alter the percentage of RFC, but it improved the yield and purity of lymphocytes from severely ill patients. Unlike Bach and Dormont (1971) we did not find that red cell contamination seriously affected the results. Centrifugation with Ficoll/Triosil was found to be the best method of purifying lymphocytes. Nylon-wool column filtration followed by haemolysis of the red cells (Bach and others, 1969b ) gave a poorer yield of lymphocytes and a lower percentage of RFC.
The stage in which the centrifuged cell pellet stood at 4°C. for 30 min. (Lay, Mendes, Bianco, and Nussenzweig, 1971) (Fig. 4) . When absolute numbers (as opposed to percentages) were considered, the cyclophosphamide figures particularly were scattered slightly lower, but this merely reflected the somewhat irregular reduction in total lymphocyte counts seen amongst this treatment group (i.e. cyclophosphamideinduced lymphopenia appeared to affect rosetting and non-rosetting lymphocytes equally). Steroid therapy also did not modify the proportion of cells forming rosettes. Age (within the range tested) and sex had no effect on the percentage of RFC.
Despite these negative results it appeared likely that the phenomenon of rosetting was a marker for a subgroup of lymphocytes which was functionally significant. We therefore applied the test to blood from patients suffering from diseases affecting the lymphatic cell system. One disease, chronic lymphatic leukaemia, gave highly informative results. Testing patients with chronic lymphatic leukaemia showed that generally these subjects had very low percentages of RFC in the peripheral blood (1 to 11 per cent.). However, when absolute numbers of RFC were considered, it became clear that these did not depart greatly from normal, despite gross variations in the total lymphocyte counts. This is illustrated in Figs 5 (Fig. 7, opposite) . 
Discussion
Our finding, that 30 per cent. or more of human peripheral blood lymphocytes will form rosettes with sheep erythrocytes, has been reported by others, notably Brain, Gordon, and Willetts (1970) , Coombs, Gurner, Wilson, Holm, and Lindgren (1970) , and Lay and others (1971) . Recently Jondal, Holm, and Wigzell (1972) , using a modified procedure, obtained figures as high as 60 per cent. Such high percentages clearly exclude these rosette-forming cells from being 'antigen recognition cells' in the sense proposed by Bach (1971) . It is significant that the phenomenon is not inhibited by pre-treatment of the lymphocytes with anti-Ig or anti-light-chain antiserum (Papamichail, Holborow, Keith, and Currey, 1972) and does not correlate with the presence or absence of heterophil antibody to sheep erythrocytes (Brain and others, 1970) .
The characteristics of the proliferating cells in chronic lymphatic leukaemia have been studied by a number of different techniques. Papamichail, Brown, and Holborow (1971) used membrane fluorescent staining to show that these cells have a high density of immunoglobulins on their surface. We subsequently collaborated with these workers and applied simultaneously the techniques of membrane staining and rosette formation to samples of blood from patients with chronic lymphatic leukaemia. This showed (Papamichail and others, 1972 ) that the tests identified two separate populations of lymphocytes: proliferating cells bearing surface immunoglobulin and non-proliferating cells which formed rosettes. The presence of immunoglobulin on the surface of the former suggested that these were 'B-cells' and thus that the latter might be 'T-cells'. Our findings of a relatively high proportion of RFC in the thymus appeared to support the identity of spontaneous RFC as 'T-cells'.
Work from a number of different laboratories supports the 'T-cell' identity of the RFC identified in the manner described here. In particular, Silveira, Mendes, and Tolnai (1972) have applied the test to human solid lymphoid tissues and shown that the distribution of RFC corresponds with the distribution of 'thymus-derived' areas in these tissues. By contrast, the modified rosette test described by Bianco, Patrick, and Nussenzweig (1970) , in which the sheep erythrocytes are coated with antibody and complement. appears to provide a comparable marker for 'B-cells'.
By use of these various techniques it is now feasible to study the distribution of 'T-cells' and 'B-cells' amongst the peripheral blood lymphocytes in different disease states. Our results in patients with chronic lymphatic leukaemia were highly informative. By contrast we were unable to detect any alteration in this cell ratio amongst patients with rheumatoid arthritis (despite the finding by Papamichail and others (1971) 
